N-Methyl nucleoside hydrolase (TV-methyl nucleosidase, N-MeNase), which hydrolyzes 7-methylxanthosine to produce 7-methylxanthine, was detected in tea-leaf extracts and separated from adenosine nucleosidase (ANase, EC 3.2.2.7) by DEAE-cellulose column chromatography. The optimum pH for the N-MeNase ranged from 8.0 to 8.5. The enzyme was strongly inhibited by EDTA. Inhibition by the hydrolysis products of 7-methylxanthosine and 7-methylinosine was also observed. The molecular weight was estimated to be about 55,000 by gel-filtration.
In the previous papers we suggested the presence of a nucleosidase or nucleoside phosphorylase, which degrades 7-methylxanthosine to produce 7-methylxanthine, in cell-free extracts of tea1} and coffee2) leaves (Fig. 1) . The presence of a nucleosidase was also suggested in cell-free extracts of coffee fruits3A) and coffee callus cultures. 4'5) However, detailed studies on the enzyme have not been performed hitherto. Adenosine nucleosidase (ANase) was isolated from tea leaves and characterized.9) However, it remains to be determined whether this nucleosidase hydrolyzes 7-methylxanthosine. Recently, we observed that the degradation of 7-methylxanthosine is caused by another enzyme. This paper deals with the partial purification and characterization of the enzymedegrading 7-methylxanthosine, TV-methyl nucleosidase (A) nucleosidase; (B) nucleoside phosphorylase; R-l -P, ribose-1-phosphate; SAM, S-adenosylmethionine. Detection: A250 for Guo, Gua, lMeGuo, lMeGua, Ino, Hyp, lMelno, lMeHyp, 7MeIno, 7MeHyp; A260 for Ado, Ade, lMeAdo, lMeAde, 3MeIno, 3MeHyp; A270 for 3MeAdo, 3MeAde, 7MeAdo, 7MeAde, 3MeGuo, 3MeGua, 7MeGuo,7MeGua, Xao, Xan, lMeXao, lMeXan, 3MeXao, 3MeXan, 7MeXao,7MeXan. Abbreviations for nucleosides and bases: Ado, adenosine; Ino, inosine; Guo, guanosine; Xao, xanthosine; Ade, adenine; Hyp, hypoxanthine; Gua, guanine; Xan, xanthine.
TV-Methyl Nucleosidase from Tea Leaves standard assay conditions.
In the experiment on substrate specificity, the assaying of both enzymes was carried out by the HPLCmethod. The assay conditions were changed as follows because Nmethylated nucleosides are unstable under acidic and alkaline conditions.lo'n) The buffers used were 0.1 m HEPES-NaOH(pH 7.5) for N-MeNase and 0.1 m sodium acetate (pH 5.5) for ANase. The reaction mixture comprised 40[A of the buffer, 40/^1 of 3.75mM substrate and 20ji\ of enzyme solution. The reaction was performed at 37°C for 1 hr and stopped by freezing the reaction mixture immediately in a cold MeOHbath (-50°C). The column and solvent used for HPLCwere an ODScolumn, 4.6mm
in size (UNISIL PACK 5C18-250A; Gasukuro Kogyo Inc.) and H2O-acetonitrile-AcOHtriethylamine (95 : 3 :0.3 :0.3), respectively. The nucleosides and the corresponding bases were detected at the wavelengths indicated in the legend to Fig. 2 . They were all separated from each other (Fig. 2) , and the bases were quantitatively determined.
Identification of the degradation products of 7-methylxanthine. One of the reaction products, 7-methylxanthine, was identified by HPLC as described above. The other one, derived from the sugar moiety, was characterized by paper chromatography. The standard reaction mixture incubated at 37°C for 4hr was chromatographed using Whatman No. 1 filter paper in «-BuOH-AcOH-H2O (4 : 1 : 5), and then reducing sugar was detected by spraying with aniline hydrogen phthalate followed by heating for 5min at 105°C.
RESULTS AND DISCUSSION
Preparation andproperties of the crude enzyme All the enzymepurification procedures were performed at 4°C. Tea leaves (1 kg) were homogenized in several separate batches with cold acetone for 3 min. The homogenate was filtered through a filter paper with suction and the residue was washed three times with a mixture of acetone and water (4 : 1) containing 0.1% ascorbic acid to removethe polyphenols. The acetone powder thus obtained was extracted for 1 hr with 0.1 m disodium hydrogen phosphate solution (pH 7.0) containing 0.6% ascorbic acid. The solution was squeezed through cheesecloth and then centrifuged for 30min at 3,300 xg. Solid ammonium sulfate was added to the crude extract to 70% saturation, followed by stirring for 30min. The precipitate was collected by centrifugation for 20min at The assay conditions were the same as in the experiment on substrate specificity. The buffers used were 0.1 m Tricine-NaOH (pH 8.5) for 7-methylxanthosine and 0.1 m sodium acetate (pH 5.0) for the other substrates.
30,000 x g and then dissolved in the extraction solvent used above. After centrifugation, the supernatant was dialyzed for 20hr against 0.01 m Na-phosphate buffer (pH 7.5).
Five kinds of purine ribonucleosides (adenosine, guanosine, inosine, xanthosine and 7-methylxanthosine) were incubated with the crude enzyme solution at 37°C for 1 hr, and the bases released were assayed by HPLC. As shown in Table I , besides adenosine nucleosidase activity, degrading activity toward 7-methylxanthosine was also detected. The other nucleosides can also serve as substrate, but their cleavage rate were relatively low.
Purification of N-methyl nucleosidase
Step 1. DEAE-Cellulose column chromatography. The dialyzed enzyme solution was applied to a DEAE-cellulose column (2.5 x 28cm) equilibrated with 0.01m Na-phosphate buffer (pH 7.5) and then the column was washed with the same buffer. Elution was performed successively with 0.01 m, 0.05 m and 0.1 m Na-phosphate buffer (pH 7.5). A typical enzyme activity elution pattern is shown in Fig. 3 . A peak showing 7-methylxanthosine degrading activity was eluted at 0.05m Naphosphate and thus separated from ANase activity, which was eluted at 0.1m Naphosphate. A minor peak of another purine nucleosidase was found in the 0.01m Naphosphate fraction.
Step 2. Hydroxylapatite colunm chroma- Column size, 2.5 x 28cm; flow rate, 32ml/hr; fraction volume, 16ml/tube. Enzyme activities: 7MeXao,
tography. The fractions containing N-MeNase activity obtained on DEAE-cellulose column chromatography were applied to a hydroxylapatite column (2.0 x 12cm) previously equilibrated with 0.01 m Na-Phosphate buffer (pH 7.5). After washing the column with the same buffer, the enzyme was eluted successively with 0.04m, 0.08m and 0.16m Na-phosphate buffer (pH 7.5). N-MeNase activity and a small amount of xanthosine degrading activity were eluted in the 0.08m buffer fraction, and no other peak of nucleosidase activity being detected.
Step 3. Gel filtration on Sephadex G-100.
The enzyme solution from step 2 was concentrated to 1ml by ultra filtration with an Amicon PM-10 membrane and then chromatographed on a Sephadex G-100 column (2.0x82cm) equilibrated with 0.01m Naphosphate buffer (pH 7.5). N-MeNase activity was eluted as a single peak and a small amount of contaminating adenosine degrading activity was eluted separately. Xanthosine degrading activity was.not detected. The results of the overall purification are summarized in Table   Table II Effect of pH. The optimum pH, from 8.0 to 8.5 (Fig. 4) , was considerably different from that for adenosine nucleosidase, i.e., pH 4.5.9) After keeping the enzyme at various pHs for 24hr at 4°C, the remaining activity was as- Fig. 4 . Effect of pH on the Enzyme Activity. The reaction was carried out under the standard assay conditions. The buffers used were PIPES-NaOH å (à"),
Tricine-NaOH (O) and glycineTNaOH (A). Fig. 5 . pH-Stability. The enzyme solution was kept at 4°C for 24hr at various pHs (A, sodium acetate; A, PIPES-NaOH; #, TricineNaOH; O, glycine-NaOH). After adjustment of the pH to 8.5, the remaining activity was assayed.
sayed. The enzyme was unstable in acidic media (Fig. 5) .
Effects of temperature. The effects of temperature on the enzyme activity and stability were examined. Maximumactivity was observed at temperatures ranging from 40 to 45°C and the activity rapidly decreased above 50°C. The enzyme solution was kept at various temperatures for 15min. After cooling, the remaining activity was assayed under the standard conditions. The enzyme rapidly lost its activity above 40°C. Effects of metal ions and other compounds.
Among the various substances tested, EDTA was a potent inhibitor (Table  III) . 7-Methylxanthine and 7-methylhypoxanthine at 5niM inhibited about 50% of the enzyme activity.
Substrate specificity. Enzyme activity was measured using 16 purine nucleosides, including four free purine nucleosides and their TVmethylated derivatives, as substrates. The specificity of ANase (specific activity: 4.0 units/mg), which was partially purified by column chromatography on DEAE-cellulose and Sephadex G-100, was also examined. The results are shown in Table IV . NMeNase hydrolyzed the nucleosides except guanosine and 1-methylguanosine. Amongthe substrates tested, the 3-and 7-methylpurine nucleosides were hydrolyzed preferentially by this enzyme. These facts indicate that a methyl group attached at the 3-or 7-position of the nucleosides is important for the enzyme activity. On the other hand, ANase showed high activity toward adenosine and 7-methyladenosine, but the activity toward other substrates was very low or nil. It had already been reported9) that ANase hydrolyzes only adenosine amongfree ribonucleosides. Amongthe methylated nucleosides tested here, 7-methyladenosine was hydrolyzed five times faster than adenosine, whereas 7-methylxanthosine was not hydrolyzed at all.
Role of nucleosidases in caffeine biosynthesis
In the previous papers1'2'12) we indicated that the pathway for caffeine biosynthesis is as follows: xanthosine-åº7-methylxanthosine -åº7-methylxanthine^theobromine -^caffeme. This pathway involves the degradation reaction for the iV-glycosyl bond of methylated nucleoside.
Based on the results as to the substrate specificities of the nucleosidases it is evident that the enzyme responsible for the hydrolysis of 7-methylxanthosine is N-MeNase. Thus ANase does not directly catalyze the reaction in the pathway of caffeine biosynthesis. In plants, ANase is regarded as a member of the adenine salvage pathway.7) The same role is considered for ANase from tea leaves. Suzuki and Takahashi13) demonstrated that the radioactivity of [8-14C]adenine is incor- there is the catabolic pathway from xanthosine to allantoin and other metabolites.2) In the present study, the presence of an enzyme which hydrolyzes xanthosine was detected in the crude extracts of tea leaves. Characterization of the enzyme responsible for the degradation of xanthosine remains to be performed.
The roles of nucleosidases in tea leaves, related to purine metabolism and caffeine biosynthesis, are illustrated in Fig. 6 .
